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Abstract Copper oxide (CuO) nanoparticles and nanolayers were synthesized by sol–gel and spray
pyrolysis methods, respectively. The structure and morphology of the prepared samples were
characterized using XRD, SEM and TEM analysis. Aspergillus niger fungi were grown in an appropriate
medium and exposed to the synthesized samples in a closed glass vessel. The boisoning properties of
the nano systems were investigated by measuring their electrical resistance at regular time intervals and
different temperatures. Further studies were made on the effects of CO2 and humidity on the sensing
properties, using CaCo3 and Silica gel. The considerable changes observed in the electrical resistance of the
prepared samples, in the presence of Aspergillus niger fungi, support our proposed system as a biosensor.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY license. 1. Introduction
Nowadays, scientists constantly search for newer measures
to obtain better food quality [1]. The quality and safety control
of food, especially in the food industry, play an important role
in both health and the economy. Therefore, a great deal of
research is being done in the area of food safety and freshness.
The current progress in nanotechnology and its applications,
especially in the life sciences, has attracted much attention
towards applying nano material and nanostructures for the
preservation of food, in the hope of achieving more reliable,
safer, cheaper and less chemically influenced techniques for
improving health and the longer shelf life of food. One of the
most important items in the daily diet of most people is wheat
and its derivatives, such as bread, cakes, cookies, and so on.
Freshness and shelf life are very important factors in the bread
baking industry.
The rot found in food is usually caused by some sort ofmicrobial
contamination. However, the cause of decay and deterioration
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the product has completely changed in color and appearance.
Therefore, many researchers have been looking for methods
that conveniently assess the degree of food fungal growth at a
very early stage, and well in advance of becoming visible [2].
As a living organism, the activation of fungi in bread is
accompanied by the production of some gaseous products, such
as CO2. Thus, detection of these gases at very early stages can set
off alarms regarding the start of food decay. It is expected that
sensing methods based on nanotechnology will help to detect
gases on a molecular scale.
Aspergillus niger fungi are a filamentous ascomycete fungi
that are ubiquitous in the environment and which have
been implicated in the opportunistic infection of humans [3].
The safety of any food-grade product is carefully evaluated
before its commercialization and is assured throughout the
manufacturing, processing, transportation, storage, and use of
the product [4]. Aspergillus niger fungi is most widely known
for its role as a citric acid producer [3].
Copper oxide (CuO) is considered amaterial as a capacitive type
gas sensor for sensing, and also it can detect a large number
of gases [5]. CuO is a p-type semiconductor used as a passive
and active component in solar cell technology and photovoltaic
applications [6].
The resistance of a gas sensor at a certain sensing
temperature can be dramatically increased by its exposure to
various chemical species [7]. There is a need to have devices
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easily accessible [8]. Unfortunately, most resistive gas sensors
function at temperatures higher than room temperature [2].
The aim of this work is to design a senor based on nanopar-
ticles and a nanolayers of CuO. Therefore, CuO nanoparticles
are synthesized by the sol–gel technique, and their nanolayers
are prepared by spray pyrolysis. Structural properties are in-
vestigated by (XRD) spectroscopy, (SEM) and (TEM) techniques.
In order to detect the produced toxic gas from the Aspergillus
niger, the physical and electronic properties of CuO are first an-
alyzed.
2. Experimental details
2.1. Synthesis methods
CuO nanoparticles were synthesized by the sol–gel method.
A precursor solution was prepared using ethanol (C2H5OH,
Merck, >99.9%) and deionized (DI) water as solvent (1:1).
Then, copper nitrate [Cu (NO3)2 · 3H2O] was added. Citric
acid and ethylene glycol were used as polymerization and
complex agents, respectively. After 1 h of stirring at 40 °C, a
green solution was obtained. The homogeneous mixture was
maintained under reflux at 100–110 °C for 4 h. After vaporizing
the excess solvents, a wet gel was attained. Finally, the black
powder was calcined at 600 °C for 1 h and then milled.
The CuO nanolayer was deposited on the glass substrates using
a typical spray pyrolysis technique at a substrate temperature
of 400 °C. A precursor solution was prepared using 0.05 M of
Cu (CH3COO)2,H2O, which was dissolved in 100 ml distilled
water under continuous stirring for 30 min.
3. Characterization details
The samples were characterized using XRD (D8 Advance
Bruker). The average crystallite size of the synthesized particles
was estimated using Scherrer’s formula [9]. The surface
morphology of the prepared layer was studied by (SEM), using
the LEO 1450 VP system. TEM (LEO 912AB) was also used to
study the morphology and size of the particles. Nanoparticles
were made into disk shape (like a pill). The pill was placed
between two glass slides, in the center of which, a hole was
punched out with a diameter less than one pill. The pill was
attached to the slides using silver glue. Systems consisting
of a CuO pill and a CuO nanolayer were prepared in two
distinct desiccators, which were devised to study the sensor-
like behavior. Here, one of the two acted as a control and
the other was regarded as a target; each one was exposed to
Aspergillus niger fungi cultured in appropriatemedia. Then, the
layers resistance was measured in the presence of silica gel
(to absorb moisture) and calcium carbonate (to omit carbon
monoxide), using the designed system composed of a voltage
source and a nano amper meter, for 48 h. A nanobiosensor
test was done by measuring the resulting resistance of the
nanolayer and pill of CuO at different times.
4. Results and discussion
4.1. Structural properties
Figure 1a displays the XRD spectrum of CuO nanoparticles.
According to the literature [10], two reflection at 2θ = 35.6
[002] and 2θ = 38.8 [111] were observed in the diffractionFigure 1a: XRD pattern of CuO nanoparticles.
Figure 1b: XRD pattern of CuO nanolayer.
patterns, and are ascribed to the formation of the CuO (space
group C2/c) monoclinic crystal phase.
Figure 1b shows the XRD pattern of the CuO nanolayer,
which reveals that the sample has a crystalline structure. The
XRD patterns exhibit two main peaks at 2θ = 36.1° and 2θ =
39° that can be ascribed to the (−111) and (111) reflection of
the CUOphase [11]. The average crystallite size of the nanolayer
of CuO is estimated about 44 nm by Scherrer’s formula.
Figure 2a shows a typical TEM micrograph of the prepared
CuO nanoparticles. An agglomeration of nanoscale particles is
clearly observed, showing a uniformdistribution of particle size
and a homogeneous morphology. The particle-size distribution
histogram of CuO nanoparticles (Figure 2b) indicated that the
average diameter of nanoparticles counted from the TEM image
is about 80 nm.
SEM images of the CuO nanolayer are depicted in Figure 3.
One can clearly see the island growth of the tightly packed
spherical arrangement. The diameter of these spheres varies
between 60 and 85 nm.
4.2. Biosensor properties
A device for calculating electrical parameters, such as
current and voltage, is needed to study the sensor-like behavior
of the nanolayer and the pill of CuO.
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Figure 2b: Particle-size distribution histogram of CuO nanoparticles.
The resistance of the samples was measured by a nanoam-
permeter against time over 2 days. Silica gel in the second
step was used in both mentioned meda in order to reduce the
humidity of the medium. The CaCO3 was also applied for ab-
sorbance of the CO2 of themedium in the third experiment. Fig-
ure 4a–Figure 4b, shows the variation of resistance versus time
for the CuO nanoparticles exposed to CaCO3. As can be seen, the
resistance of CuO nanoparticles decreases by increasing time.
In other situations, the resistance remains unchangeable. For
nanolayers, changes in resistance versus time in the primary
hours reduce dramatically, and then become constant and sta-
ble. In other situations, it is approximately unalterable.
The optimum temperature for Aspergillus niger fungi
growth is about 37 °C [12]. The suitable heat in this work was
provided by an IR lamp. As seen in Figure 5a–Figure 5b, both
diagrams show that resistance decreases when temperature
increases from 32 to 42 °C, and the growth rate of Aspergillus
niger fungi, at this range of temperature.
When atmospheric oxygen is absorbed on the surface of a
semiconductor, it is transformed to oxygen ions. This chemicalFigure 3: SEM image of CuO nanolayer.
Figure 4a: Plot variation of resistance according to time for CuO nanoparticles.
Figure 4b: Plot variation of resistance according to time for CuO nanolayer.
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nanoparticles.
Figure 5b: Plot variation resistance according to temperature for CuO
nanolayer.
absorption causes the formation of a charge space (barrier
layer) zone on the surface of that semiconductor. Then, the
disseminated gases from the mold will react with the oxygen
ions in the surfaces. The faster this reaction is, more electrons
will be donated to the semiconductor and the quicker the
empty layer will be downsized (which, consequently, leads
to an increased sensitivity in the sensor). Sensor sensitivity
increases as temperature rises, but this is not an everlasting
trend and this parameter saturates at a certain temperature
which depends on the gas and the sensor type. From that point
on, further increase in temperature will reduce sensitivity. This
is because at significantly higher temperatures, the product of
the gas–oxygen reaction present at the sensor surface tends to
escape from the solid surface, something which is not seen at
lower temperatures [1].
5. Conclusions
Nanoparticles of CuO were synthesized by the sol–gel
method. Also, the nanolayers of CuO were deposited on glass
substrates using a spray pyrolysis technique. The structure and
morphology of the nanoparticles and nanolayers were charac-terized by XRD spectroscopy, and SEM and TEM techniques. The
biosensing properties of these nanosystems were investigated
bymeasuring their electrical resistance at regular time intervals
and at different temperatures. It was found that the resistance
of both CuO nanoparticles and nanolayers varies quickly in the
presence of Aspergillus niger fungi. Also, the results revealed
that the resistance of CuO nanosystems decreases with increas-
ing temperature.
Acknowledgments
The financial support of Ferdowsi University of Mashhad,
Iran for this project (Project No. 2) and the services of its
Nano Research Center, and Fungi Laboratory, in the Faculty of
Sciences are greatly appreciated.
References
[1] Azhir, E., Etefagh, R., Shahtahmasebi, N., Mohammadi, M., Amiri, D. and
Sarhaddi, R. ‘‘Aspergillus niger biosensor based on tin oxide (SnO2)
nanostructures: nanopowder and thin film’’, J. Indian J. Sci. Technol., 5,
pp. 3010–3012 (2012).
[2] Duran, C., Brezmes, J., Llobet, E., Vilanova, X. and Correig, X. ‘‘Enhancing
sensor selectivity via flow modulation’’, J. Sens. IEEE, pp. 428–431 (2005).
[3] Baker, S.E. ‘‘Aspergillus niger genomics: past, present and into the future’’,
J. Medical Mycology, 44, pp. 517–521 (2006).
[4] Cynthia, Z. ‘‘Production of toxic metabolites in aspergillus niger, as-
pergillus oryzae, and trichoderma reesei: justification of mycotoxin test-
ing in food grade enzyme preparations derived from the three fungi’’,
J. Regul. Toxicol. Pharm., 39, pp. 214–228 (2004).
[5] Ishihara, T., Kometani, K., Hashida, M. and Takita, Y. ‘‘Application of mixed
oxide capacitor to the selective carbon dioxide sensor measurement of
carbon dioxide sensing characteristics, electrochem’’, J. Electrochem. Soc.,
138, pp. 173–177 (1991).
[6] Kumar, A., Perumal, K. and Thirunavukkarasu, P. ‘‘Structural and optical
properties of chemically sprayed CuO thin films’’, J. Optoelectron. Adv.
Mater. Rapid Commun., 4, pp. 831–833 (2010).
[7] Kim, K.S., Baek,W.H., Kim, J.M., Yoon, T.S., Lee, H.H., Kang, C.J. and Kim, Y.S.
‘‘A Nanopore structured high performance toluene gas sensor made by
nanoimprinting method’’, J. Sens., 10, pp. 765–774 (2010).
[8] Carrascosa, L.G., Moreno, M., Alvarez, M. and Lechuga, L.M. ‘‘Nanomechan-
ical biosensors: a new sensing tool’’, J. Trends Anal. Chem., 25, pp. 196–206
(2006).
[9] Scherrer, P. ‘‘Bestimmung der Grösse und der inneren Struktur von
Kolloidteilchenmittels Röntgenstrahlen’’, J. Nachr. Ges. Wiss. Göttingen, 26,
pp. 98–100 (1918).
[10] Amrut, S., Satish, J., Ramchandara, B. and Raghumani, S. ‘‘Synthesis and
optical characterization of copper oxide nanoparticles’’, J. Adv. Appl. Sci.
Res., 1, pp. 36–40 (2010).
[11] Moralesa, J., Sáncheza, L.,Martínb, F., Jose, R., Barradob, R. and Sánchezb,M.
‘‘Nanostructured CuO thin film electrodes prepared by spray pyrolysis: a
simplemethod for enhancing the electrochemical performance of CuO in
lithium cells’’, J. Electrochim. Acta, 49, pp. 4589–4597 (2004).
[12] Szewczyk, K.W. and Myszka, L. ‘‘The effect of temperature on the growth
of a niger in solid state fermentation’’, J. Bioprocess. Biosyst. Eng., 10,
pp. 123–126 (1994).
Raihane Etefagh received her M.S. degree in Condensed Matter from Payam
Nour University, Mashhad, Iran, and is currently Research Assistant in the
Nano Research Centre of Ferdowsi University of Mashhad, Iran. Her research
interests include: synthesis and study characterization of nanostructures and
nanopowder.
Elahe Azhir received her M.S. degree in Condensed Matter from Ferdowsi
University of Mashhad, Iran, where she is currently Assistant Professor in the
Department of Physics. Her research interests include: structural and optical
properties of nanolayers and nano powder.
Nasser Shahtahmassebi received his Ph.D. degree in CondensedMatter Physics
from Imperial College, London, UK. He is currently Professor in the Department
of Physics at Ferdowsi University, Mashhad, Iran, where he is also Head of
the Nano Research Center. His research interests focus on: theoretical and
experimental physics projects.
